on the leaf apices of plants sampled from 15 populations located in the central and southern part of Peru. Collectively, these studies can provide some insight into the genetic structure of P. raimondii populations. However, some of the methods used (i.e., analyses based on morphological traits and dominant genetic markers) are not useful for assessing ecological or evolutionary processes that are critical to development of conservation strategies for the species, such as mating system investigations or parentage analysis.
Thus, there is an urgent need to develop codominant genetic markers that can be used to better assess the genetic and ecological impacts of small population size associated with the potential endangerment of P. raimondii. Next-generation sequencing technology is now widely used in many areas of conservation biology, including for the development of microsatellite markers to assess the genetic structure of populations. In this study, we used next-generation sequencing (i.e., genome skimming techniques) to develop a set of microsatellite markers for P. raimondii.
METHODS AND RESULTS
To design primers for microsatellite markers in P. raimondii, one individual each of P. raimondii, P. macrura Mez, and P. hutchisonii L. B. Sm. was sampled for genome skimming. The latter two species and P. macropoda L. B. Sm. were used to conduct cross-species screening of microsatellite markers in P. raimondii. Puya raimondii is closely related to P. macrura (Jabaily and Sytsma, 2010) , whereas the phylogenetic relationship to P. hutchisonii and P. macropoda remains unknown. All four species are distributed in arid regions of the high Andes and are morphologically similar at the juvenile stage. For this study, plant material was collected from Peru: P. raimondii was collected from Chupaca, Lampa, and Bolognesi provinces; P. hutchisonii was collected from Huaylas Province; P. macrura was collected from Huari Province; and P. macropoda was collected from Yungay Province. Voucher specimens for each species were deposited in the Herbarium of the Museo de Historia Natural of Universidad Nacional Mayor de San Marcos (USM), Lima, Peru (Appendix 1).
Total genomic DNA was extracted from silica-dried leaves using a modified cetyltrimethylammonium bromide (CTAB) procedure (Doyle and Doyle, 1987 ; a higher concentration [3%] of betamercaptoethanol was used in the extraction buffer) and sent to the Beijing Genomics Institute (BGI; Shenzhen, China) for library construction and sequencing. The genomic libraries were sequenced on an Illumina X Ten platform (Illumina, San Diego, California, USA) with a 150-bp paired-end strategy; approximately 10 million raw reads and 95,000 assembled contigs (longer than 590 bp) were generated for each species. The raw reads were deposited in the National Center for Biotechnology Information (NCBI) Sequence Read Archive (BioProject number: PRJNA562459, PRJNA562611; SRA number: SRR10023784, SRR10023783, SRR10028124; Appendix 1). The library reads of each of the three species were assembled using SPAdes 3.13.0 (Bankevich et al., 2012) . Plastome contigs were identified by queries to GenBank based on BLASTX analysis and subsequently excluded in the assembled genomes. Microsatellite regions were screened in the assembled genome of P. raimondii by using the microsatellite search tool SciRoKo 3.4 (Kofler et al., 2007) . PCR primer pairs for microsatellites were designed using Primer3web version 4.1.0 (Untergasser et al., 2012) with the default parameter settings. In total, 220 microsatellite loci from P. raimondii were identified. They belonged to di-, tri-, tetra-, penta-, and hexanucleotide repeats (50%, 22.7%, 11.3%, 9%, and 7%, respectively). Each locus was checked for homology in the assembled P. macrura and P. hutchisonii genomes using BioEdit version 7.0.9.0 (Hall, 1999) . In total, 70 cross-species microsatellite loci were selected for primer design and synthesis (Majorbio Company, Shanghai, China).
PCR amplification was performed with three primers: a sequence-specific forward primer with an M13(−21) tail at its 5′ end, a sequence-specific reverse primer, and the universal fluorescent-labeled M13(-21) primer (FAM, HEX, or TAMRA; Invitrogen, Guangzhou, China) (Schuelke, 2000) . Amplification was performed in 10-μL reactions that include: 2 μL 5× buffer mix (TaKaRa Biotechnology Co., Dalian, China), 0.8 μL of dNTP, 0.1 μL of Taq (PrimeSTAR, TaKaRa Biotechnology Co.), 1 μL 0.2 mM aqueous solution for each of three primers (3 μL in total), 30-50 ng of template DNA in 1 μL of aqueous solution, and 3.1 μL of ddH 2 O. PCR conditions include: 3 min at 94°C, followed by 35 cycles of denaturation at 94°C for 3 min, denaturation of 94°C for 30 s, annealing of 60°C for 30 s, and DNA extension at 72°C for 5 min. The PCR products were scanned by an ABI PRISM 3100 Genetic Analyzer using GeneScan 500 LIZ internal size standard (Applied Biosystems, Waltham, Massachusetts, USA). The size of the alleles at each locus was scored by GeneMarker version 1.5 (SoftGenetics, State College, Pennsylvania, USA). Preliminary PCR screening resulted in the successful amplification of 46 of the 70 primer pairs; one clear band was generated for each of the 46 primer pairs in P. raimondii. These primer pairs (Table 1, Appendix 2) were then screened for polymorphisms across nine individuals selected from four different P. raimondii populations (Cachi, Huascar, Pachapaqui, (Peakall and Smouse, 2012) was used to calculate the number of alleles and the observed and expected levels of heterozygosity. The fixation index (F) was calculated using GENEPOP 4.3 (Rousset, 2008) . The deviation from Hardy-Weinberg equilibrium and genotypic linkage disequilibrium among all pairs of loci within populations were estimated using GENEPOP 4.3 based on default parameter settings. We found no consistent deviation from HardyWeinberg equilibrium or linkage disequilibrium for any loci within the populations. The levels of observed heterozygosity and expected heterozygosity of the P. raimondii populations varied from 0.000 to 0.8929 and from 0.000 to 0.7662, respectively (Table 2) . For the 12 polymorphic loci, the number of alleles per locus ranged from one to six (Table 2) , with loci Puya-002 and Puya-049 having the highest number of alleles.
Cross-species amplification success rates in P. hutchisonii, P. macropoda, and P. macrura indicate that 14-18 of the 46 microsatellite loci developed in P. raimondii could also be successfully amplified in this set of taxa (Table 3) . Among these successfully cross-amplified loci, six, 14, and 13 loci are polymorphic and 11, four, and two are monomorphic for P. hutchisonii, P. macropoda, 
